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Description 

RAnkfiRDUIMD OF THE IIWENTION 

roool] ThepresentinvenlionrelatestoaliO^pigmentparticlehavingasurfacecoatingofirK^r^^^ 
fried l-gh?scatter.,g efficiency of TiO, is achieved a1 a n^oderate to a high pigment volume concentratK^n (PVC) 
whenlncorporated in coatings applications, and methods of accomplishing the same. 

roWGl Inorganic pigments and especial^ VO2. are often incorporated in various polymers as wh teners. tailing 
SI o iSfiers T.0, Is particulaf^ useful lor these purposes because tt scatters light very elRcentV- However a 
Sem e^ntered is that as the PVC increases In the polymer, the TIO^ particles conne close to or .n con^ct wrth 
o he ToTp^rtic es which reduces the scattering efficiency of the TiO^. i. e.. an optical crowding effect. TypK^alV. scat- 
tS^^ie4 or sc^^ coefficient is measured by hiding power and tinthg strength. While pnor art techniques 
S2>trmJ,Lethaforegoingproblem.theyaredeticlem 

SS^l^pSfo,^ulationstLietheTK>2topreserveitsscatte,ingefficiency. however, t^^^ 
S SSr b^e « the paint m^ro. to maxlr^ize the VO, hiding power. Extenders are typically larger parfcles andtor 
n orrolaggregates and thus tend to hcrease the effeclh,e TiO^ volume concentration and decease scattering 
rt^fency as the? are added to replace paint resin content as described in F Stieg. -The Effect of Extenders on the 
HHinn p"'""^"' Titanium Pinments'. Official Digest . 1959, pp. 52-64. 
mSl Further hydrous silL with h^^f;^;:;fi^e^ 

SemenUn soJtterlng efficiency at increasing PVC. However, the TO^ pigments wHh hydrous s, «a coatings wrth 
STurfaceare^^^^ 

Senfron C^^^^^ defined hereinbelow and restricts a paint maker of flexibility in formulating paints. In addition. 
Tc^rsS turned silica are composed of rt^ny primary particles which are highly aggregated and cannot be d.s- 

. "stSrusrof'^^o;^^^^^^^^ . expenses and d«ficu« to accomplish and has resulted in severe ag- 

S^S^eTs^nS^f^a^^^^^ 

there is a need for a TiOa having a low oil absorption so that the paint film integrity can be maintained. The present 
invention meets Ihess needs. 
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SUMMARY OF THE INVENTION 



mOOGl In accordance swith this invention there is provided: " ' . ♦ ^- r . 

a Ti02 pigment having improved light scattering efficiency consisting essentially J'^P'^^^VP^^'^'"^" 
3S prising substantially discrete inorganic particles having an average size within a range of about 5 to about 100 nm m 
diameter which are dispersed on the surface of the TiOg particles, and processes for preparing the sanne. 
S rte composition and processes are characterized by some of the following advantages wh^h cumuIat.eV 
render the composition and processes preferable to compositions and processes previously employed: 

40 1 . improved scattering efficiency of TiOg is achieved at moderate to high PVC; 

2. low oil absorption of the TtO^; 

3. provides a paint maker with flexibility in formulation; 

4. dilution of T1O2 content is minimized; 

5 better dispersion and uniformity of the inorganic particles is achieved; and • „ 

6*. equal hiding power can be achieved with less TOg or improved hiding power can be achieved using the same 
amount of TtOg in end use applications. 

DETAILED DESCRIPTION 

rOOOSl IhB production of TO^ by the vapor phase oxidation of T1CI4 and AICI3 is well known and disclosed in U.S. 
Paten s 2 489 439 and 2.559.638. the teachings of which are incorporated herein by reference. The TOj used to 
preparethepi9mentcanbeofaconvenl1onalrutilearanatasevariety.producedbyeit^ 

Pr^rabJy. the TiO^ is prepared by the chloride process and a rutile crystal form. The TO^ particles used to prepare 
the pigments of this invention can be a base TiO^ referred to herein as T^O, directV rennoved from '^'^9 ™'4 
before any finishing steps and/or before any surface treatments are applied In the sulfate P^^^^f - J 
to riO:, before any surface treatments are applied. Attematively. the TiO^ particles used to prepare the p.grnents of this 
invent^ can be a finished TO^ referred to herein as TiO^ subjected to conventional finishing steps and/or surface 
treated with hydrous oxides such as alumina, silica, zirconiaorthe like, or combinations of these materials, as described 
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in for example. U.S. Patent Re 27.818 and U.S. Patent 4.125.412. the teachings of which are incorpora ed herein by 
eferLcaThe hy oxides can range from about 16 weight % or less ot the total pigment product weigh a^^^ 
preferably 10 weight % or less. Contemplated equivalents include other whrte pigments such as zinc oxide, zinc sutt.de. 
• basic lead sulfate basic lead carbonate, antimony oxide, lithopone or the like. 
5 S The ntgan« particles used to coat the TiO, surface or its equivalent in carnjing out the 'nv-tion can be 
S. pSerably the iSofganto particles do not substantialh. absorb vteible light and do no ^^^.^'V « ^ 
other components in an end use application. One Important aspect te the size of the morganic particles (pnmary par- 
tiSeiTSiadirablathattherorgani^ 

ISt in the range of aboutStoabomiOOnrn in diameter, preferably aboutTtoabout 
,0 abo iTto about 35'nm. r^e inorganic particles form a non^ontinuous cc^ting of a discrete ^^'^^^^l^;^^^^^ 
be obsen/ed and measured by electron microscopy such as transmission electron mcroscopy. Examples of inorganic 
part^ but are not Lited to particles of the following inorganic materials including those in hydrated form: 
Sidi i si t tftanium. zirconium, .inc. magnesium, aluminum, yttrium, antimony, cenum, and tin f 
and cakHum; sulfides of zinc; carbonates of zinc, calcium, magnesium, lead and m«ed metate; nrtrides of « J 
IS phosphates of aluminum, calcium, magnesium, zinc, cerium and mixed metals; trtanates of nr^gnesiunv calc.ur^. a^u- 
minl and mixed metals; fluorides of magnesium and calcium: silicates of zinc, zirconium, calcium, banum ma^e- 
sium, mixed alkaline earths andnaturallyoccurringsilicate minerals and thelike;aluminosilicates of a^^^^^^^ 
earths and naturally occurring aluminosilicates and the like; oxalates of calcium, zinc, magnesium, aluminum and 
mixed metals; aluminates of zinc, calcium, magnesium, and mixed alkaline earths; hydroxides ^^^^"J^fi 
Tttielike and above mixtures or composites thereof. Mbrtures used hereinareaphysicalmorturej^^^^^ 

containing more than one type of partlculata fomi. Composites used herein is intimate combinations of two or more 
S^JgTnic maSrials In a single particle or any other combination wherein at least two distinct inorganic materais are 

fwol' ' Pref^KXrLium dioxide, zirconium oxide, zinc oxide, magnesium oxide, aluminum oxide tin 
oxide, calcium carbonate, magne8lumcartonate.aluminumphosphate. calcium phosphate, aluminosilicat^^^^^^^^^^ 

aLli and alkaline earth aluminosilicates and naturally occurring aluminosilfcate and the like, calcium silicates and 
naturally occurring silicate minerals and above mixtures or composites thereof. ^ 
Si 1 More prelrredareamorphoussilica.hydratedforms of alum^. aluminosilicates including a^ 
Lrth aluminosBicates. calcium silicates, titanium dioxkJe. cateium phosphate and calcium carbonate ^nd^^f 
tures or composites thereof. Examples of silba are commercially available under the tradenames "-udox® cono,^ 
silica which isavailablefrom E. 1. du Ponlde Nemours and Company. Nalcoag®which is available from NalcoChemKal 
Company, and Nyacol© Which is available from Akzo Nobel. . ,u ^ , »ho«,„,i„n 

[00121 The amount and size ot inorganic particles will influence the surface area and thus impact the oil absorphon 
of the product, as described herelnbelow. For example, larger size inorganic particles within the above prescribed 
35 ranges and/or fewer inorganic particles can be used to avoid or minimize '^^^'^^'''"^ol^P^l^ryf^^^^ 

ganic particle is less than about 20 weight %, based on the total weight of the coated TiO^. preferab^^ less than.af^out 
15 wetahl % and more preferably less than about 10 weight %. The inorganic particles can be amorphous or corstalline 
and any shape is suitable such as spherical, equiaxel. rod-fike or platelet. Preferably, the inorganic particle is equiax«l 
or spherical to minimize the oil absorption. It is desirable to have a substantialV unifom distribution of «ie inorganic 
40 partfcles on the surface of the TlOg particles. The inorganic particles will be attracted to the TiO^ surface by van der 
Waals' forces and may be further arichored to the T1O2 surface by chemical bonding and/or by hydrous oxide coatings, 

if present as a topcoat. . . ^ ^.^^^t^r 

[00131 Aggregates or agglomerates of inorganic primary particles are also useful as long as the average diameter 
of the aqgregateor agglomerate is within the above prescribed size range of the inorganic primary particles. Aggregates 

45 are disUnguished from agglomerates in that aggregates are held together by strong bonds such as fusion bonds and 
cannot be fragmented easily, while agglomerates are weakly bonded and can be broken up by high energy agrtaJ«K 
[00141 These novel products of this invention have a surface area of less than about 33 m?/g. preferably less than 
about 25 m2/9 and more preferably less than about 20 m2/g. and an oil absorption of less than about 35. preferably 
less than about 25 and more preferably less than about 23. ...... 

so [OOIG] In the process of this invention, a TiOj slurnr is prepared with base TiOj. A colloidal suspension of inorganic 
particles i e . a sol is added to the TO^ slurry with sufficient mixing. M ixing can be carried out by any suitable means 
at a raUo of TO, partfcles to inorganic particles which achieves the desired weight % of the final product. Sol is defined 
herein as a st£tole dispersion of coltoidal particles In a liqukJ containing about 1 to 60% by weight inorganic partcles 
as a dispersion m a liquW typically water. "Collokter is used herein to refer to a suspenston of small particles which 

ss are substantially Individual or monomeric particles small enough that they do not settle. It is prefeired that the coBoidal 
suspenston is at the highest concentration at which the suspension is stable, typically about 14 to 50 wl%. TTiese a e 
commercially available or can be prepared as known in the art. For example, commercially available coRoidal s.bca is 
about 40-50 wt% and commercialV available colloidal alumina is about 20 wt%. Surprisingly, it has been found that 
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both the pamctes in the TO, slurry and the partk=les ir. the colloidal suspens-on P elerablV ^ "^^^^^^ 

S ow their respective iaoel^ic points to achieve a substantial^ unrtorm surface coat, ng. The '^oetectr^ P°^^ = 

herein to °ef or to the pH at which particles have a neutral net charge. Opposrte charges of the TO^ partK^les 
the Slurry and the inorganic particles in the colloidal suspension are ateo <^^'^^^ ^^^^ 
roQiBi ODtionallv hvdrous oxides are precipitated onto the base TOj particles or TiOg particles wnicn n^ve 

. re^-tornna..ure.TheLpe^^^^^^^ 

2tS 2 2MSi^tharol 2-aminoelhanol and the like, and Lamino-a-propanol. polyacrylates. crtnc acd and 
TJZ^sL^Z^^^ OKPP) and the like. Typically a combination ot the above dispersants ,s preterredin 
tetrapotassium pyropn^P v i concentration ol inorganic particles in the cotoidal 

30 an amount ol ^'^'^''^'^.f^^^^^ 30 to 60 w1%. It is preferable that the inorganic colloidal 

hSnoaS terrated disc type agitator, ball mill, sand mill, d-^c mill, pearl mOI. high speed impeller mill o the like 

^e'drbT^nfsSSte art Si solids Itent of L resulting slur^r is above about 50% by weight, and above 

" in yS Xr^bodiment, inorganic pa..les are formed in the presence of T,0 A ^^^^ 

andVeaaents are added to generate and to deposit a surface coating of the inorganic particles within the P escribed 
Size range t I pSeSble ?hat the TiO, is subjected to cashing prk>r to formation and deposrtion ot the .n^ganic 
I f ThwH n.rJ™ides can be added either before or after the formation of the Inorganic particles. For example. 
iS^ caS^ mat^Tormedtst by the carbonatton of hydrated lime, caelum hydroxide, in carrying out the 
lIZT^lZTrO, and calcium hydroxide slurry are mbced a, high speed high shear as described in the 
nrevious embodiment A slight excess of CO2 is useful to complete the reaction rapidly 

fSS X Ssuftlng Pmproved TiO^ pigment product is suitable for use in coating applications for example in arch^ 
^^^ZlZccms ^per coatings, and In paper, paper laminates, pasties inks. The enhanced 
sS^nT^ffSe^cy is best demonstrated in coatings with greaterlhan 15% PVC. preferably greater ^-^^J''^- 
aS Ze pSab^ greater than 25% . PVC is expressed as a percentage and represents the sum the P jent 
vorume 3extende. volume, if present, dK^ided by the sum of the resin volume, extender volume, rt present^ and 
^T^X^\.Te^^mJb but are not limited to semi-flat We rior paints, such as eggshell or satin, and exterK>r 
Tpalr rd indural coil coatings. It will be appreciated by those skilled in the art that the --'^l^^ P^^^^^^ 
»rted below the critical pigment volume concentration (CPVC) to maintain film integrrty for scrtib and sta.n resist- 
The exl«t paints are formulated a, or near the CPVC to maintain film integrity and to obtain maximum 
Sherabi?{^eCPVCIsdefinodhareinasthespecfficPVCatwhich.hevehicledernandofm 
SeTardescribed In greater detail in C. Martens. 'Technology of Paints. V^mishes and Ucquers , 1968, pp. 
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498-500 the teachings ol which are incorporated herein by reference. This concentration is critical because above or 
befow thte >^^r^^^^^^ of a formulation change dramaticaUy. V.. TO, pah, formulations ^^ -^^^^^y^^^. 

ntau^s known in the artand are descrbed in greater detail in Paint and Surface Coafnr, ■ Theory andPractice edited 
Sy rtTrume EI?«^^^^^^ Limited (1 987) and Princip.as o, Paint Fonmulatioo. edited by R. Woodbrdge. Black.e 
& Sons Limited (19911 the teachings ot which are incorporated herein by reference. 

S SrurKferst^ding d the Invention, the foltowing Examples are construed as .ilustrat.o and not 

limitative of the underlying principles of the invention in any way whatsoever. 
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EXAH/IPUeS 

COIVlPAnATIVE EXAMPLE 1 

[00211 Aflnished TiO^ slurry was made by dispersing 1000 g of an enamel grade TO^ having 'i'V^'^^f °'<'''f^^^;"9^ 
of ^Ji and alum^^a in 295 g of water containing dispersanis using a high speed, high shear m near wrth a 2 inch blade 
at 2000 RPIWI for 1 5 minutes. Final solids content of the si urry was 76.5% by weight. The pH was 9. 
[S^ Alat xer^^^^^^^ 

Kom Rohm & Haas (Lipany, modified for compability with the finished TiO^ slurry. The ,«.nt concentrate was 
made wThrincorporating any TO^ and was tinted with a green linting agent. As fomiulatad, the pant concentrate 

jrarisS^'onSrS'sTur^ - co-^^ed with 46.77 g of the a iatex emuls^n paint concentrate and shaken 

SeJ?cfmake a paint with a PVC of 20% in the dried paint film, based on a pigment density of 4.0 ^m3 and a 

rerSe^s ly of 1 Ol gfcnfi. Similar combinattons of pigment slurry and paint concentrate were combined o make 

Snts conSn^^g 30 ^d 35% PVC. These pahts were drawn down using a 0.002 inch Bird applicator onto bteck a^ 

Se subis andairdried, The green (Y) reflectance values 

Munk K/S values calcuteted and reported in Table 1. The green (Y) reflectance value 

LaL scan reflectance spectrocolorimeter. The Kubelka-Munk (K/S) values vvere cateulated using e^^^ 

D. B. Judd and G. Wyszecki, "Color in Business, Science and Industry". 2nd ed.. John Wiioy & Sons. NY 1963, pp. 

396-397, the teachings of which are incorporated herein by reference. 

EXAMPLE 2 

[0024] The same enamel grade TiOg (91 0 g). was dispersed as in Comparative Example 1 in about 160 g of water 
corrtaJiIng dispersants and 225 g of a 40 wt% dispersion of colloidal silica in water, (Ludox® AS-40 colloida sii.ca. 
rTZ'^SZ 22 nm. available from DuPont). The Final slurry contained 76.5 wt% solids. On a weigh bas^ 
thTJiment was comprised of 9% SiO, derived from colbWal silica. It had a calculated ^^"-^^ °' J^^^ 
on a s^^ica density of 2.2 g/cm3). Green tinted paints were made as m Comparative Example 1 at PVCs of 20. 30, and 
35% with adjustment for the lower pigment density K/S values were obtained Irom drawdowns on black and white 
substrates. Results are in Table 1. 



40 EXAMPLES 3-4 

[0025] Similar combinattons of Ludox® AS-40 and TiO^ were made as in Example 2 to produce slurries of pigrnents 
comp ised of 4.5% and 2.5% SiO^ derived from coltoidal silica (calculated pigment densities were 3.86 and 3.92^ 
cXespective^). Slurry wt% soL were 76.5%. Green tinted paints at 20, 30. and 35% PVCs were made as in the 
above Examples and K/S values were similarly obtained. Results are in Table 1 . 

[0026] rintkig strengths were calculated at each PVC for Examples 2-4 restive to the Comparat^e Exampte 1 by 
taking the ratio of K/S of the Comparative Example divided by K/S for the Examples 2-4. At any particular PVC, K is 
clL due to a constant concentration of green pigment. Thus, tinting strength is.the ^^ttarmg coefflciem. S nor^ 
malized to the Comparative Example. See Table 1. The higher linting strengths of Examples 2-4 than of Connparatwe 
Example 1, despite ttie lower contents ol T1O2 in the paint, demonstrates the improvements in scattering coefficient 

TABLE 1 



45 



SO 



SS 



K/S VALUES AND RELATIVE TINTING STRENGTHS 




K/S values 


PVC = 20% 


PVC = 30% 


PVC = 35% 


Comparative Example 1 


0.140 


0.108 


0.100 
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TABLE 1 (continued) 





K/S VALUES AND RELATIVE TINTING STRENGTHS 






K/S values 


5 




PVC = 20% 


PVC = 30% 


PVC = 35% 




Example 2 
Example 3 
Example 4 


0.137 
0.132 
0.134 


0.100 
0.102 
0.103 


0088 
0.091 
0.094 


10 




Relative Tinting Strength 






PVC = 20% 


PVC = 30% 


PVC = 35% 


7S 


Comparative Example 1 
Example 2 
Example 3 
Example 4 


100% 
102% 
106% 
104% 


100% 
108% 
106% 
104% 


100% 
114% 
109% 
108% 
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EXAMPLES 5 

r0O271 4245 ml of water and 1539 g ot base TO^ prepared by the chloride process from TCI^. were combined and 
S to 9o4 wHh stirring. The pH wa. raised to 1 1 with 165 ml of 1 0% NaOH. 450 g of Ludox® TM-60 coHo^al s.tca 
spet r^^^^ 50% by wt'siO, with a nominal particle size of 22 Bvajablejorn DuPc^^ T^O ofs" 
stirring 10 min. 267.9 g of sodium silicate solution containing 28% by weight S.C^ and with a S.O^.Na^O ^tio of 3^2 
wTadded i^^^ stlrri'ng 10 min. 8% HCI in water was added at a rate of 7 mUmin until the pH ^^^.^^^7. Jer^ 
mLtes at pH about 7 end 90'>G. 144 g of sodium aluminate solution was added smullaneously with 380 ml of 8/o 

was filtered, washed and dried. A second preparation was conducted under the same conditions and the prod u^s 
iSre Lbined and ground in a flud energy mill. The final product was analyzed by x-ray fluorescence --<^Jo^^^ 
contain 2.66% by weight AI^Os. 1 5.55% by weight SiO^- Density measured by helium pycnometry was 3.56 g/cma O.l 

SrSirgpoJerisgiveninT^^^^ 

oil abLrption and k)W scattering etficiency. and to a conventional high oil absorption g^de with 
efficiency used in flat paints typically formulated above the GPVC (G3). The product of Example 5 has a moderate oil 
absorption and improved hiding power. Hiding power measurements were made as described by J. E McNOtt and H 
I, R^say ^. .^r..^nP.int.nd Coatings Journal. April. 1988. p. 46, by the weight draw^wn method -n an acryl c 
emulsion resin system (Rhoplex® Multilobe 200 100% acrylic binder) ushg an average of 3 f ^^^^^^^T^^^ 
calculated based on the measured HO, pigment densities. No extender pigments and no colored P'S^f^^" ^ Tn' " 
eluded The TiO^ product is the only pigment present. Hiding power was determined using Y. the green ^f^f^^^ 
measured over black and white backgrounds. Hiding power is expressed as scattenng efficiency. S. in unrts of m /g 
of product. 

TABLE 2 



SCATTERING EFFICIENCY OF TiOa PRODUCT IN AN ACRYLIC EMULSION RESIN 



Example 5 
Example 6 
Example 7 
Example 8 

C2 
C3 



O. A,* 



32.5 
19 
18 
17 

16-18 
37 



S (m2/9) 



25% PVC 



0.363 
0.350 
0.336 
0.330 

0.303 
0.326 



S (m2/g) 



35% PVC 



0.320 
0.297 
0.287 
0.276 

0.253 
0.295 



• Oil Absorption {A^A D^fiigr^tlon D281): The oil absorption vatue obtained gives Information about tha vehicle demand ot the pigment when il is 
ue«d in a paint and aids in paint formulation. 
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5 than0.28m2/gat35%PVC. 
EXAMPLE 6 

rooaol 8520 ml of water and 3080 g of the base T.Og us^d in Example 5 were combined and h^ted 'o J^'C vvtiile 
10 SSni 7?S o7lO%NaOH was added increasing the pH to 9.5. 110 g of sodium silicate was added and st. od 1 0 
n rtL «iVn of Ludox® TM-50 was added and sUrred 15 minutes. Another portion of 110 g of sodwm silK^te was 
added anS^ 8% Ha l at about 7 ml/min until the pH reached about 7. After stirring at 75-C for 60 m.n 
Sf g " sS raluminate solution and 720 ml of 8% HCI were added simultaneousV- The slur.y ;^s st.r^ an 
addil^al S mTn a 75=C. pH was towered to 6, and the product was subjected to ' f'"'^'^^^ ^^f/," 

deirrd ^Exlple 5. The p«duct contained 2.43% Al,03 and 10.04ro SiO,; densij was 3.63 g/cm3 and o.l ab- 
sorption was 19. Surface area was 25.2 m2/g as measured by the nitrogen BET method. 
ST scattering efficiency is shown ir, Table 2. This product has a low o.l absorption and a h.gh h.d^g power. 



EXAMPLE 7 



fC0321 The procedure used in Example 6 was followed except that 290 g of Ludox® TM^O was used and 8% HCI 
Sdeda'i5m^hi.Theproductcontained2.6%AI,03.5,9%S103;ithadadenshyof3. 

Jj;' r'i^^^^^^^^^^^ Se^'clYshl in Table 2. This product has a low oil absorption and a high hid.g power. 



EXAH/IPLE a 

r00341 The procedure used in Example 7 was followed except that 290 g of colloidal ff^^^l,^^'!;''^.?^^ 
Sspeiton in Lor having a pa-ttele size of nominal^ 35 nm diameter was used 'f'^^ fl^fj^r^^y"^ 
TiO oroduct contained 2 53% Al,©,. 5.95% SiOg. with a density of 3.80 g/crrfi and an oil absorption o 1 6.8. 
K S« eS."cy IS sho^ in Table I This product has a low oil absorption and a high hid.ng power. 

EXAMPLE 9 

rno9Bl The orocedure used in Example 7 was foltowed except that 161 g of Ludox® TM-50 was used. The product 
Sed?4KoranSr7LloUc«adensityof4.W 
of 19.7. 

EXAMPLE 10 

[00371 8520 ml of water and 3080 g of the base TiOa used in Examples 5-9 were combined and heated with stu-ring 
t^i^C S^s^^-ted to 1 0 L 400 g of Lud4® TM-50 was added and 

SlSte was a'ddect stirred 10 min and 8% HC, add.cx, begun at a rate of 7 mUnin. After ^^'^^^'^^^'^^^^^^^^ 
was slopped and stirr^g continued for 45 min at 90«C. Then 265 g of sod.um aluminate and 740 m of 8% were 
Sdi simultaneously The sluny was stirred for an additional 30 min as the temperature dropped from 86 to TO^a 
^^e^Ts rreas^d to 6 by HCI addition and the product was filtered washed and dried After grhd.ng. the pr^Juct 
SntSra 56 AUO3. 7.54% SiO^. surface area was 1 6.2 m^/g. density was 3.95 g/cm^. and 0.I absorpt«n was 22.6^ 
ESTLmethodsusedtomeasure scattering effictencyinExamples 5-8 were repe 

in Table 3. 
EXAMPLE 11 

10039] The procedure in Example 1 0 was followed except that.the colloidal silica Torn Example 8 «as used.^The 
pSt contafned 2.47 Al^Og, 7.47% SiO^. Surface area was 18.1 m^/g, density was 3.92 g/cm^. and oil absorption 

55 was 20.6. Results are shown in Table 3. 
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TABLE 3 



TO 



Scattering Efficiency. 5. (m^/g) with no extenders: 


PVC% 


Example 10 


Example 11 


18.8 


0.370 


0.339 


23.4 


0.343 


0.318 


27.9 


0.334 


0.300 


32.9 


0.288 


0.270 


37.8 


0.265 


0.237 



IS 



20 



30 



EXAMPLE 12 

[00401 283 ml of water and 102.6 g of the base TiOg In Examples 5-1 1 were combined and stirred. This was heated 
to 90°C and pH adjusted to about 11. 15 g of Ludox® TM-50 was added, stirred 10 min and then B.93 g of sodium 
silicate was added and stirred 10 min. A solution of 4% by weight HCI was added at about 0.5 m^mui until the pH 
reached 7. After further stirring at 90»C and pH about 7. a smaH sannple was removed, filtered, washed and dried. 
Transmission electron micrographs and scanning electron micrographs show the product morphology asdiscrete s. ca 
particles, approximately 20-25 nm in diameter, attached to the surface of the rutile titanium dioxde particles. SiO^ 
derived from colloidal silica was about 6-7 wt %. To the remaining major portion of the reaction slurry, 9.6 g of sodium 
aluminate and 27.4 ml of 8% HCI ware added simultaneously. The pH was adjusted to 7 and the slurry stirred at abou 
75»Clor 30 min. The pH was then adjusted to about 6 and the final product was filtered, washed, and dried. The product 
contained 2.77% AlgOg. B.46% SiOg. and 88.76% TOg (nomnalized to 100%). 

EXAMPLE 13 

f00411 800 ml of water and 200 g of the base T1O2 used in Examples S-12 were combined and stirred, sluriy 
was filtered and washed with water. Half of the resulting wet filter cake was resuspended in water with shrnng to a total 
volume of 400 mL The pH was adjusted to 3.5 with HCL 40 g of Dispal® 23N4-20 colloidal alumina dispersion available 
from Vista Chemical Company was added. This was then heated to 40'G and pH was adjusted to 1 0 with 1 0% NaOH. 
The slurry was further heated to 60-C and 5.4 g of sodium silicate solution (2ewt.% SiO^) was diluted in 20 ml of water 
and added to the TlOg slurry. The pH was adjusted to9 and the slurry was stirred for 5 min. The slurry was the" adjusted 
to pH 7. and the product recovered after filtering, washing and drying. The product was analyzed 9.1% AlgOg. 1 .4 /« 
SiOa and 89.4% TiOa (normalized). 



EXAMPLE 14 



40 
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r0O421 50 g of Ti-Pure® R-706, available from DuPont was dispersed in 1 50 ml of water at room temperature and 
stirred vigorous^ in a high shear, high speed mixer. 3.0 g of Ca(OH)2 was added. While continuing high shear mixing, 
carbon dioxide was bubbled into the slurry at approximately 300 ml/min for 5 minutes as the pH decreased to about 
6 5 The slurry was filtered, washed with a small amount of water and dried at 1 1 5'C. Transmission electron micrographs 
of the product show crystallites of calcium carbonate, roughly equiaxial in shape and typically 20 to40 nm across wh^ 
were distributed on the s urface of the TiOa particles. When analyzed by x-ray fluorescence, the composition was 87 .9% 
TiO, 2 48% AUOg 2 69% SiOg and 4.38% CaO {analyzed as the oxide). Weight loss measured with a tharmogravi- 
meWc analyzer in the temperature range from 500 to 750'C demonstrated that most of the calcium was present as 
CaC03. Surface area was 1 313 nn^/g. 

EXAMPLE 15 

[0043] 8500 ml of water and 3000 g of base TiOg were combined and heated to 60»C while stirring. 8 ml of 10% 
NaOH was added increasing the pH to about 9. 315 g of Ludox® HS^ colloidal silica available from DuPont was 
added Ludox® HS-40 is a 40 wt.% silica dispersion of 12 nm diameter silica particles. After stirring 15 minutes at 
70-0 225 g of sodium silicate solution was added. After stirring 10 minutes, 8% HCI solution was added at about 10 
ml/min After addition of 220 ml. pH was 8.5 and addition was stopped. After 30 minutes stirring at 70°C, additional 
HCI was added to bring pH to7.6. 265 g of sodium aluminate solution and 71 5 ml d 8% HCI were added simultaneously. 
The pH was 7 5 after these additions. After 30 minutea stirring. pH was lowered to 7.0 and the product was filtered, 
washed and dried. The product was analyzed to contain 91 .1 % TiOg. 2.8% AljOg and 6.1 % SiOg (normalized to 1 00%). 
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Oil absorption was 24.2. Scattering coefficients were measured; 0.384 rrf /g at 14.7% PVC and 0.327 m^/g at 23.5% 
PVC and 0.265.m2/g at 34. 1% PVC. 

EXAMPLE 16 

' ro0441 D,vt>aseTi02(950grarns)isdisparsedbystowVaddingfttoasuspensioncon^ining^^^^^^^ 

Sr,r7 nrams^ w2er 1175 qrams) and dispersants while stirring with a high speed, high shear impeller. The pH is 
b!^in ng Jc^^^^ for about 20 minutes. 84 grams o, water added so that -""'"^ skj^ 

prS itt^Jis about 75% solids by weight. On a dry weight basis, the slurry product composes about 5% S.O, 

" f^?'Z^^^c?^'bS^^^^^^ the invents with a certain degree of part.ularft. i, shouldbe appre- 

Kthat tJe"?S are not to'be Hmited but are to he afforded a scope commensurate «Hth the wording 

of each element of the Claims and equivalents thereof. 



IS 



so 



25 



35 



40 



Claims 



2. 



A T.O, pigment consisl^g essentially of TiO^ particles having (a) substantially ^'^'''^'^'^^^^^^^^"'^2 
an averaqe diameter size within the range of about 5 to about 100 nm dispersed on the surfaces of me TiOa 
partfcles h an ^unt of less than 20 wt.% based on lota, pigment weight, and (b) a lop^oating comprising a 
S^us oxide sTcted from the group consisting of silica, alumina, zirc«.«. and mixtures thereof. 

A TO niament conslstinq essentially of VO. particles having (a) a surface-coating comprising a hydrous oxide 
seSdTr^ tirgro^^^ ofsHica, 4mina. zirconia. and mbctures thereof, and (b) substantially discrete 

SqtnlSlshLSgan averaged^ 

TnTe suSe Of rh^^^^^^ oxide surface^oating in an amount of less than 20 wt.% based on total pigment 

weight. 

3 The TiO, pigment of cbim 1 or 2. wherein the horgante particles are selected from the group ^^f^^^^^^t^ 
of silicon titanium, zirconium, zinc, magnesium, aluminum, yttrium, antimony, cenum, and tn sulfates of urn 
an^ cSum- sulfides of zinc; carbonates of zinc, calcium, magnesium, lead, and mixed metals; nrtndes of alurn - 
nSJtSSro' aluminum, calcium.^ 

rurS ZSes o Magnesium and calcium; silicates of zinc, zirconium, calcium, barium. magnes«m. m«ed 
"rrLals ar^ natural^ occurr^g silfcate mineral; aluminosilicates of -^^^^^^^^^^ ' 
naturally occurring aluminosilicates; alumlnates ol zinc, calcium, magnesium, and mixed alkalme earth metals, 
hydroxides of aluminum; diamond; and mixtures or composites of the foregoing particles. 

4. The TiO^ pigment of claim 1 or 2. wherein the inorganic particles have an average diameter size within the range 
of 7 to 50 nm. 

5. The TiOa p^ent of claim 1 or 2, wherein the amount of inorganic particles Is up to 15 wt.% and the amount of 
hydrous oxides is up to 16 wt.% based on total pigment weight. 

6. The rOa pigment of claim 1 or 2, wherein the amount of inorganic particles is up to 10 wt.% and the amount of 
4S hydrous oxides Is up to 1 6 wt.% based on total pigment weight. 

7. The TOa pigment of claim 6. wherein the inorganic particles are selected from the group consisting of silica, alu- 
mina, calcium carbonate, and mixtures or composites thereof. 

BO 8. The TiOz pigment of claim 7. wherein the pigment has an oil absorption of less than 35, 

9 The TiO, pigment of claim 1 or 2, wherein the inorganic particles comprise silica particles in an amourt^ 
IJ.%SLZtotalpigmentwei9ht,andthehydrousoxidescompriseupto4wt.%sil^ 

based on total pigment weight. 

10. The TiOj pigment of claim 9. wherein the pigment has an oil absorption of less than 26. 

11 . The T^O^ pigment ol claim 9, wherein the pigment has a light scattering coefficient greater than 0.31 m2/g at 25% 
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• pigment volume concentration and greater than 0.26 rT>2/9 at 35% pigment volume concentration. 

12. A TiO, pigment slurry comprising the TO, pigment of daim 1 or 2. wherein the slurry has a TiO, pigment solkis 
content above 50 wl.%. 

13. A process for preparing a TiOj pigment, comprising the steps of: 

ra^rT,ixinqaslur,VOfT02particleswrthacolloiclalsuspenslonoflnorgamcpartictes^^ 

weight; and 

(b) preciptottng a hydrous oxide selected from the group consisthg of silica, alumina, zirconia. and mbctures 
IS thereof onto the TiOg particles resulting from step (a). 

1 4. A process for preparing a TiO^ pigment, comprising the steps of: 

(a) precipnating a hydrous oxide selected from me group cons^tlng of sil^a, alumina, zirconia, and mixtures 
thereof onto the surfaces of TiOa particles to form aurface^oatings, and 

r^l^SSS^^eSZ^n^c Articles haV.g an average diameter size ^"^^^^^^^ 
aS,ut >00 nm are dispersed onto the surtaca<:oated TO2 particles in an amount of less than 20 wt.% based 
on total pigment weight. 
1 S. A process for preparing a TiOa pigment, comprising the steps of: 

(a) mixing aslurry of TO^particles with reagents to form in-situ substantially discrete inorganic f«rti<='«^ J^J^S 

weight; and 

(b) precipftatlng a hydrous oxide selected from the group consisting of silica, alumina, zirconia, and mixtures 
thereof onto the T1O2 particles resulting from step (a). 

IS. A process for preparing a TiOa pigment, comprising the steps of: 

(a) preclpftating a hydrous oxide selected from the group consisting of silica. alurrMna. zircons, and mbctures 
thereof onto the surfaces of TiOa particles to fomi surtace-coatings, and 

m> mixino a slurrv of the surface^oated TO^ particles with reagents to form in-situ substantial^ discrete 
;CIp^SshtSanaveragediamete?s^^^ 

ISnte particles are dispersed onto the surface<=oated T.O^ particles ,n an amount of less than 20 wt./o 
based on total pigment weight. 

17. A process for preparing a TiO, pigment slurry, comprising the steps o1: 

(a) preparing finished TO, particles having a surface-coating comprising a hydrous oxide selected from the 
group consisting o1 silica, alumina, zirconia. and mixtures thereof; and 

rh^ mwinn thP finished TlOo particles with an aqueous mixture comprising a coitoidal suspensbn of inorganic 
Srt^ a d d^^^^^^^^^ the TO, paScles and the colloidal particles are both above or below t^^^^ 

Seieisoelactr. points. 

within the range ot about 5 to about 100 nm which are dispersed onto the surfaces of the TiO^ particles in an 
amount of less than 20 wl.% based on total pigment weight. 
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Patentanspruche 

bestehend aus Siliciumdioxid. Aluminhimoxid. Zkconiumoxid und Mischungen davon. 

2 TiO -Pioment im wesentlichen bestehend aus TOs-Partikeln. die aufweisen: (a) °''^!«^f 

2. TOa '"^ J^f^^^^^^^ , . „„3-^,^hlt aus dor Gnippe. bestehend aus Siliciumdioxid. Alummiumoxid, Zir- 

au^askei^grclltt^ 



giert sind. 



4. 



5. 



3S 7. 



40 



45 
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-nr. Di„„.oni narh AnBoruch 1 cxJer 2. wobei die anorganischen Partikel ausgewahft sind aus dar Qruppa beste- 
hend auTSd^vS^^^^^^ ^tS, z'conium. ZinK^ Magnesium. Aluminium, Yttrium, Antlmon. Cer und Z,nn; 
aJfsuSatS^ vtn S?iurn und Calcium; aus Sulfiden von Zink; aus Carbonaten von Zink. Ca cum. Magnos- m. 
Btel un Ja^lStenLallen; aus Nitrwen von Aluminium; aus Phosphates 

yS^^nri rTrTul^ anaten von Magnesium. Cateium und Aluminium; aus Fluoriden von Magnesium und Cateium. 
Zink und Cer, ^"^T^^^T^^^^^^ '^^^^ Magnesium, gemischten Erdalkalimetallen und naturt^h vor- 

SJc^S e?" von ZInk. Calcium. Magnesium und gemischten Erdaikalimelallen. aus Hydroxiden 

JTATumSLm: aus Diamant; sowie aus Mischungen oder Compositen der vorgananntan Partikel. 

TOa-Pigment nach Anspruch 1 oder 2. wobei die anorganischen Partikel einen mMleren Durchmesser im Bereich 

von 7 bis 50 nm haben. 

TO -Piqment nach Anspruch 1 oder 2. wobei die Menge anorganfecher Partikel bis zu 15 Gew^|>t^pr«zent urKl 
2?MShydSielr'oxidabiszu16Gew-.^^^^^ 

•no Plamant nach Anspruch 1 oder 2. wobei die Menge anorganischer Partikel bis zu 10 Gewfchtsprozent und 
Jf£rhyd^sie?er'(Sidebiszu16Gewiohte^^^^^^^ 

T.O,-Pigment nach Anspruch 6. wobei die anorganischen Partikel ausgewahit warden aus der Gruppe. bestehend 
aus SiRciumdioxid, Aluminlumoxld, Galoiumcarbonat und Mischungen oder Compositen davon. 

8. TO2-Pigmsnt nach Anspmch 7. wobei das Pigment eine Olabsorption von weniger als 35 hat. 

9 TiO -Ptament nach Anspmch 1 oder 2. wobei die anorganischen Partikel SiliciumdioxW-Partikel in einer Menge 
Sui?SrspLnt,bezogenaufdasGesatmgewic^^ 

Side bl 'uTGevvichtsp;^^^^ und bis zu 3 Gewfchtsprozent A.uminiumoxd. bezogen auf das 

Gesamtgewicht des Pigments, aufwelsen. 
10. TOa-Pigment nach Anspruch 9. wobei das Pigment eine Olabsorption von weniger als 25 hat. 

11 TO -Pioment nach Anspruch 9. wobei das Pigment einen Ltehtstreukoeffizienten groRer ate 0.31 rn^/g bei einer 
SuCronzen^alion des Pigments von 25 Prozent hat und groBer als 0.26 m^/g bei einer Volumenkonzen.ra.Km 

des Pigments von 35 Prozent hat 

12 TO,-Pigmentauischlammung umfassend das TiOa Pigment nach Anspruch 1 oder 2. wobei die Aufschlammung 
■ einen FeststoBgehalt an TiOa-Pigment oberhalb von 50 Gewichtsprozent hal. 

1 3. Verfahren zum Herstellen von TO^-Pigment. umfassend die Schritte: 

fal Mischen der AufschlSmmung von TiOj-Partiketn mil einer koitoidalen Suspension von anorganischen P^- 
t^erwrefsTch die TiO,.PartLl und die kollddalen Partikel beide oberhalb oder unterha b ihrer entspre- 
rendenToeLrischen Punkte befinden. sodaB weitgehend diskrete anorganteche Partikel mrt einem m*t- 
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14. Verlahren zum Herstellen ebes TiOrPigments, umlassenddie SchrWe: 

schichtungen zu erzeugen: sowle 

gewicht des Pigments, dispergierl werden. 
16. Verfahren zum Herstellen eines TtOa-Pigments, umlassend die Schritte: 
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zent. bezogen aui dae Gesamtgewicht des Pigments, dispergiart warden; und 

(b) Abscheiden einas hydratisi.rten Oxids aus der Gruppe. b.s.e^.nd aus SJiciumdioxW Aluminlumoxid. 
ZiiconSoxid und MiscJungen davon. aui den aus SchrW (a) resultlerenden TOa-Part.keln, 

16 Verlahren zum Herstellen eInes TiOa-Pigments, umfassend die Schritte: 
schichtungen: 

,M M^chen einer Aufschlammung der oberflachenbeschichteten TiOa-Partikel mil Heagentien 2ur In-sltu-Er^ 



4^> den. 



45 
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17. verfahren zum Herstellen einer TiOa-Pigmenlautschtammung. umfaasend die Schritte: 

(a) Herstellen von fertigen TiO^Partikelr. mit einer Oberflachenbeschichtung. die ain ^^V^ratisiertes O.^^^^ 
liJSSausd^^ bestehend aus Siliciumdioxid. AiuminiumoxW. Z.rcon,umox.dund M,schun- 

gen davon; sowie 

fW l^ischen der fertigen TiO^-Partikel mit einer waesrigen Mischung. die eine kolloidate Suspension von an- 
i^r^nShen plrlikeln und Dispergiem^ittel aufweist. wobei sich die oberflachenbeschichteten TiO^-Part.kel 
^n^rtolloSnl^rkGl beide oberhalb oder unterhalb ihrer entsprechenden isoelektrischen Punkte be- 
J^en um Sehe?dltete anorganische Partikel m« einem mittleren Durchmesser im Bere^h von et^ 
SeZr^nrnzu erzeugen. dieaufdenOberflachen^ 
Gewichlsprozent. bezogen auf das Gesamtgewicht des Pigments, d.spergiert sind. 



Revendicatlons 



1. PigmentdeT.02Constitu6ess9ntielIemenldeparlicule5deT02Comportant(a)desparticulesinorganiquessubs- 
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con#u6 de silice, d'alumine. de zircone et de melanges de celtes-ci. 

Pigment de TO, oonstnu. essentiallement de particules de T.Oa comportanl (a) un 

j:;;:'Srat:TZ unr,=. n'^d.pa^sant pas 2?% en pcid., sur base du poids total du p-gm^nt. 

cules pr6c6d8ntes. 



70 
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Pigment de TO, sulvant la revendication 1 ou 2. dan. lequel las particules inorgank,ues pr.sentent una taille de 

diamdtre moyen dans le domaine allant de 7 ^ 50 nm. 

35 8 PigmantdeTO2Suivant.arevendca,«n7.danalequellepi9mentpr^sente.nepriserfhuilBned6pasaantpas35. 
40 du pigment. 

10 p,gr^„tdeTO,suivantlarevendication9.danstequeMepigmentpr^enteuneprisetfhuilened6passanipas25. 

concsntration pigmentair© volumiquo de 35%. 

12 Dispe^ion de pigment de TO^ comprenant le pigment de TO, su'^ant ;e«^ndfcation 1 ou 2, dans laquelle la 
SS^on conSent une teneur'an soiides de pigment de TO3 au-dessus de 50% en pods. 

13. Procedd de preparation d'un pigment de TiOa, comprenant les stapes: 

fat de m6lanae dune dispersion de particules de TOg avec une suspension colloTdale de particules inorga- 

ou en d^so3e leurs ^,ints iso6lectriques respectifs. de sorte que des parlfcules '"^^panques subs^nt^l- 
3^?dsc°6tes avec u^ taille de diam^tre moyen dans le domaine allant d-environ 5 ^ environ 100 nm son 
S^parsi st t^su^^^^ des partfcu.es de TO, selon une quant., ne d^ssant pas 20% en po,ds, sur 
la base du poids total du pigment; et 
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(t,) .e pr^ipnatk,. d'un oxyde hydrate cholsi dans ,e groupe consUlu^ de si.i.e. d^alu-n^e. de zircons et de 
milanges de celles<:i sur les particules de TrC^ resultant do P6tap9 (a). 

14 Proc6d6 de pr6patatioo d'un pigment de TOj. comprenant les Stapes: 

(b) de melange d'une dispersion de particules de ^vStues e"su"a ^^,^,^3,^5 t^uvent 

de particules horganlques.rn6langedansleque.espart^^ 

passant pas 20% en poids. sur la base du poids total du pigment. 
IB 15. Proc6d6 de preparation tfun pigment de TOj, comprenant les etapes: 
(a) de m.ange .one dispersion de panicu.s de To^^ 

mUnges de celles-ci sur les particules de TOg resultant de rstape (a). 
16 Proc6de de prfeparation tfun pigment de TiO^, comprenant les 6tapes: 

du poids total du pigment. 
17. Precede de preparation d'une dispersion de pigment de TO^. comprenant les etapes: 

(a) de preparation de particules de TO^ finies avec un revStement de sudace comprenant un oxyde hydrate 

==H===rrr=i-:~rp=r.-s,-— 

quantity ne depassant pas 20% en poids, sur la base du poids total du pigment 
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